###### Strengths and limitations of this study

-   The present study involved enrolment of a large number of participants (∼400 Japanese stroke survivors) and the follow-up rate was high.

-   We used an objective measurement of sickness absence; the present study was based on data from clinically certified sickness absence using physicians' certificates.

-   The participants did not include employees working in small-sized and medium-sized enterprises, which raises a question about the representativeness of the stroke survivors.

Introduction {#s1}
============

Stroke is recognised as the single largest cause of severe disability worldwide[@R1] and, in Japan, it is the number one cause of individuals becoming bedridden[@R5] [@R6] despite its incidence and mortality declining substantially.

Stroke is a source of major disability, particularly in older workers, and is also associated with substantial socioeconomic burden; approximately 20% of stroke survivors belong to the working-age group in industrial nations.[@R3] [@R7] [@R8] Owing to ageing populations and prolonged stroke survival, the prevalence of stroke survivors within the working-age group is expected to increase in the near future.[@R1] [@R4] [@R9] Stroke at a younger age causes a disproportionate burden due to direct costs of providing medical care to the patient as well as indirect costs associated with lost productivity.[@R4] [@R12] [@R13] This is not only an individual loss, but an economic burden to society, as the expected duration of sickness absence is high in these younger patients.[@R14] [@R15] Return to work (RTW) after stroke has become increasingly important as a stroke-related outcome in occupational health services as well as in community-based rehabilitation,[@R3] [@R16] and promoting early RTW after stroke may help reduce indirect costs that, for example, are associated with lost productivity for companies.[@R19]

In order to offer effective occupational rehabilitation for stroke survivors, it is very important to identify what kind of stroke survivors have a higher likelihood of RTW, and what is modifiable through rehabilitation.[@R11] An analysis of occupational outcome after stroke needs to be adjusted for several influential factors, including demographics and occupational status.[@R20] However, to the best of our knowledge, there has been no workforce-based Japanese study investigating the cumulative RTW rate after the first sickness absence due to stroke, and information on how sick absence varies by type of stroke would be valuable.[@R21] This research will also better inform stroke survivors on their choices and future plan of work; some patients may try to RTW, and others may decide not to.

The objective of this study was to clarify the predictors of the time to full-time RTW (full RTW) and resignation among Japanese stroke survivors, within the 365-day period following their initial day of sickness absence due to stroke. Furthermore, this study may help companies establish or improve their RTW support systems for stroke survivors, and these improved healthcare policies may provide greater support and satisfaction to stroke survivors and their families.[@R13]

Methods {#s2}
=======

Participants {#s2a}
------------

This study was based on retrospective evaluation of a workforce-based cohort on the course of sickness absence among stroke survivors. Registered data of sickness absence were obtained from a private occupational health centre comprised of approximately 30 occupational physicians (OPs) and 75 occupational health nurses. These OPs were contracted to 35 large-scaled Japanese companies of various industries (telecommunications, logistics, energy, construction, etc), to provide their employees with occupational health services. About 68 000 employees were working for these companies on a full-time basis from 2000 to 2011. Anonymous data were received from the private occupational health centre. During data collection, informed consent was not obtained from all participants as data were anonymous.

The occupational health service registration system of sickness absence and RTW was as follows: after having a stroke, an employee was required to certify an episode of sickness absence by submitting a physician\'s certificate stating that the employee was unable to work. After confirmation of the medical validity of the issued physician\'s certificate by the OP, the human resources department registered the data of only full-time workers. The OPs recorded the causes of sickness absence referring to the WHO\'s International Classification of Diseases, 10th Revision (ICD-10). For RTW, employees were required to submit a physician\'s certificate stating that they were fit for RTW, as well as to participate in interviews with their company\'s respective OPs for further confirmation that RTW was medically acceptable. OPs further determined whether the employee in question could full RTW or part time RTW (partial RTW, usually 4--6 h a day), and issued the OP\'s RTW certificate to the company.

We defined stroke subtypes as 'cerebral infarction (I63)', 'cerebral haemorrhage (I61)' and 'subarachnoid haemorrhage (I60)', according to ICD-10. Employees who experienced an episode of sickness absence due to stroke between 1 January 2000 and 31 December 2011 were included in this study. During this 12-year period, 382 employees had a stroke.

Statistical analysis {#s2b}
--------------------

Participant outcomes within the 365-day period following their initial day of sickness absence were obtained from the register and utilised for this study. Kaplan--Meier curves were computed to illustrate the outcome of sickness absence according to stroke subtype after a 365-day period following the initial day of sickness absence. Participants were classified into four categories; 'died', 'resigned', 'disabled' and 'RTW'. 'Disabled' was defined as participants who remained absent due to illness by the end of the 365-day period. The number of participants were counted for each outcome using the first sickness absence due to stroke. The cumulative rate of RTW was measured at 60 (2 months), 120 (4 months), 180 (6 months) and 365 days (12 months) after the first day of sickness absence, using Kaplan--Meier analysis.

To identify predictors of RTW, we used a Cox proportional hazard model for survival analysis. Time of follow-up was calculated from the start date of sickness absence to either RTW or 365 days after, whichever came first. Those who died were categorised as 'no RTW after 365 days', and stroke survivors who resigned were right censored starting the day they resigned. A HR of more than 1 meant a shorter time to full RTW and a reduced duration of sickness absence until full RTW, compared with the reference. A HR of less than 1 meant a longer time to full RTW.

Similarly, predictors of resignation were also analysed by a Cox proportional hazard model. Those who died were categorised as 'no RTW after 365 days', and stroke survivors who resigned were right censored starting the day they resigned. A HR of more than 1 meant a shorter time to resignation, and vice versa. Job title was divided into two groups: 'desk worker' (eg, 'office worker', 'sales worker', 'researcher'), which involves a mainly mental workload, and 'manual worker' (eg, 'technician'), which involves a mainly physical workload. A 'manager' was defined as an individual who belonged to an administrative post, which in Japanese organisations is considered to be a position higher than a section chief.

Statistical analysis was performed using SPSS for Windows V.21.

Results {#s3}
=======

During the study period, 382 employees experienced their first episode of sickness absence due to stroke certified by their physicians. The follow-up rate of this study was 99.5% (2 stroke survivors were lost to follow-up).

[Table 1](#BMJOPEN2015009682TB1){ref-type="table"} shows the basic characteristics of the stroke survivors: of 380 participants, 332 (87.3%) were male and 48 (12.7%) were female, mean age at the initial day of sickness absence was 52.7 years.

###### 

Participant characteristics and outcomes 365 days after the initial day of sickness absence due to stroke (n=380)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                   N     1\      2\          3\          4\     Full RTW\   Partial RTW\   Partial/full RTW (ratio)   Median time to partial/full RTW (days)   Median time to full RTW (days)
                                    Died\   Resigned\   Disabled\   RTW\   N           N                                                                                  
                                    N       N           N           N                                                                                                     
  --------------------------- ----- ------- ----------- ----------- ------ ----------- -------------- -------------------------- ---------------------------------------- --------------------------------
  Age, years                                                                                                                                                              

   ≤49                        96    3       3           13          77     14          63             4.5                        97                                       180

   ≥50                        284   6       23          49          206    55          151            2.7                        108                                      276

  Sex                                                                                                                                                                     

   Male                       332   8       22          52          250    62          188            3                          98                                       245

   Female                     48    1       4           10          33     7           26             3.7                        134                                      352

  Company size                                                                                                                                                            

   \<1000 employees           30    0       0           4           26     5           21             4.2                        97                                       178

   ≥1000 employees            350   9       26          58          257    64          193            3                          107                                      267

  Company area                                                                                                                                                            

   Rural                      111   3       7           16          85     23          62             2.7                        99                                       220

   Urban                      269   6       19          46          198    46          152            3.3                        107                                      265

  Desk worker/manual worker                                                                                                                                               

   Desk worker                88    0       2           13          73     20          53             2.7                        74                                       192

   Manual worker              292   9       24          49          210    49          161            3.3                        118                                      273

  Manager/non-manager                                                                                                                                                     

   Non-manager                358   9       24          62          263    63          200            3.2                        107                                      268

   Manager                    22    0       2           0           20     6           14             2.3                        86                                       133

  Stroke subtypes                                                                                                                                                         

   Cerebral infarction        196   4       9           19          164    43          121            2.8                        67                                       174

   Cerebral haemorrhage       119   4       13          34          68     15          53             3.5                        206                                      .

   Subarachnoid haemorrhage   65    1       4           9           51     11          40             3.6                        117                                      262

  Total stroke                380   9       26          62          283    69          214            3.1                        106                                      259
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Full RTW, full-time return to work; Partial RTW, part time return to work.

The median duration of sickness absence until either partial or full RTW was 106 days (∼3 months). The median duration until full RTW was 259 days (∼8 months). In the 365-day period following the initial day of sickness absence, 26 participants had resigned from their place of employment, 9 participants had died and 62 participants had been classified as 'disabled', or unable to RTW within the 365-day period.

The Kaplan--Meier survival analysis demonstrated probability of RTW after sick leave over time until day of full RTW. The cumulative full RTW rates at 60, 120, 180 and 365 days were 15.1%, 33.6%, 43.5% and 62.4%, respectively.

Univariate and multivariable analysis for predictors of RTW using Cox regression models (model 1, full model; model 2, stepwise model; model 3, stepwise model plus age and sex) are shown in [table 2](#BMJOPEN2015009682TB2){ref-type="table"}.

###### 

Cox regression model for time to full-time return to work for the 365-day period following the initial day of sickness absence due to stroke

                              Univariable analysis   Model 1   Model 2               Model 3                                                        
  --------------------------- ---------------------- --------- --------------------- --------- --------------------- -------- --------------------- --------
  Age, years                                                                                                                                        
   ≤49                        1                                1                                                              1                     
   ≥50                        0.81 (0.61 to 1.09)    0.16      0.80 (0.59 to 1.08)   0.14                                     0.81 (0.61 to 1.09)   0.16
  Sex                                                                                                                                               
   Male                       1                                1                                                              1                     
   Female                     0.70 (0.46 to 1.06)    0.09      0.66 (0.42 to 1.03)   0.07                                     0.67 (0.43 to 1.04)   0.08
  Company size                                                                                                                                      
   ≤999 employees             1                                1                                                                                    
   ≥1000 employees            0.78 (0.50 to 1.21)    0.27      0.96 (0.59 to 1.54)   0.86                                                           
  Company area                                                                                                                                      
   Rural area                 1                                1                                                                                    
   Urban area                 0.89 (0.67 to 1.17)    0.40      0.82 (0.60 to 1.11)   0.20                                                           
  Desk worker/manual worker                                                                                                                         
   Desk worker                1                                1                                                                                    
   Manual worker              1.12 (0.83 to 1.52)    0.45      1.02 (0.73 to 1.41)   0.93                                                           
  Manager/non-manager                                                                                                                               
   Non-manager                1                                1                               1                              1                     
   Manager                    1.81 (1.07 to 3.06)    0.02      1.67 (0.99 to 2.80)   0.05      1.71 (1.04 to 2.82)   0.04     1.68 (1.02 to 2.78)   0.04
  Stroke subtypes                                                                                                                                   
   Cerebral infarction        1                                1                               1                              1                     
   Cerebral haemorrhage       0.49 (0.36 to 0.68)    \<0.01    0.50 (0.36 to 0.68)   \<0.01    0.50 (0.36 to 0.69)   \<0.01   0.50 (0.36 to 0.69)   \<0.01
   Subarachnoid haemorrhage   0.76 (0.53 to 1.08)    0.12      0.88 (0.61 to 1.28)   0.51      0.86 (0.60 to 1.25)   0.43     0.85 (0.59 to 1.23)   0.40

Participants in the 'manager' group tended to have a shorter time until full RTW. In the stepwise model (model 2), the 'manager' HR for time to full RTW was 1.71 (95% CI 1.04 to 2.82) compared with 'non-managers'. Employees experiencing sickness absence due to cerebral haemorrhage had a longer time to full RTW (HR, 0.50; 95% CI 0.36 to 0.69) than those with cerebral infarction, while subarachnoid haemorrhage compared with cerebral infarction was not statistically associated with a longer time.

Similarly, univariate and multivariable analysis for predictors of resignation using Cox regression models (model 1, full model; model 2, stepwise model; model 3, stepwise model plus sex) are shown in [table 3](#BMJOPEN2015009682TB3){ref-type="table"}.

###### 

Cox regression model for time to resignation for the 365-day period following the initial day of sickness absence due to stroke

                              Univariable analysis   Model 1   Model 2                Model 3                                                      
  --------------------------- ---------------------- --------- ---------------------- --------- --------------------- ------ --------------------- ------
  Age, years                                                                                                                                       
   ≤49                        1                                1                                1                            1                      
   ≥50                        2.94 (1.04 to 8.30)    0.04      2.89 (1.01 to 8.31)    0.05      3.30 (1.17 to 9.33)   0.02   3.31 (1.17 to 9.35)   0.02
  Sex                                                                                                                                              
   Male                       1                                1                                                             1                      
   Female                     1.36 (0.57 to 3.26)    0.49      1.23 (0.48 to 3.13)    0.67                                   1.16 (0.48 to 2.79)   0.74
  Company size                                                                                                                                     
   ≤999 employees             1                                1                                                                                    
   ≥1000 employees            3.19 (0.44 to 23.26)   0.25      2.75 (0.37 to 20.70)   0.33                                                          
  Company area                                                                                                                                     
   Rural area                 1                                1                                                                                    
   Urban area                 1.10 (0.53 to 2.27)    0.80      0.99 (0.46 to 2.13)    0.99                                                          
  Desk worker/manual work                                                                                                                          
   Desk worker                1                                1                                1                            1                      
   Manual worker              0.27 (0.82 to 0.87)    0.03      0.26 (0.77 to 0.89)    0.03      0.24 (0.07 to 0.78)   0.02   0.24 (0.07 to 0.80)   0.02
  Manager/non-manager                                                                                                                              
   Non-manager                1                                1                                                                                    
   Manager                    0.96 (0.23 to 4.00)    0.95      1.18 (0.27 to 5.05)    0.83                                                          
  Stroke subtypes                                                                                                                                  
   Cerebral infarction        1                                1                                                                                    
   Cerebral haemorrhage       2.19 (1.09 to 4.41)    0.03      1.92 (0.95 to 3.89)    0.07                                                          
   Subarachnoid haemorrhage   1.05 (0.38 to 2.90)    0.93      0.94 (0.32 to 2.75)    0.91                                                          

Older participants (50 years and older) had a shorter time to resignation than younger participants (HR, 3.30; 95% CI 1.17 to 9.33). Manual workers had a longer time to resignation than non-manual workers (HR, 0.24; 95% CI 0.07 to 0.78).

Discussion {#s4}
==========

To the best of our knowledge, the present study is the ﬁrst workforce-based Japanese study showing the cumulative RTW rates and analysing the predictor of the time to full RTW and resignation among stroke survivors by using survival analysis.

The present study showed that the cumulative full RTW rate 365 days after onset of stroke was 62.4%, similar to other studies (reporting 60% by 365 days).[@R19] [@R22] [@R23] However, the RTW rate reported in a UK study was 35%, which is relatively lower than in the present study.[@R24] A cohort study from Denmark showed that the odds for return to gainful occupation 2 years after stroke tended to increase---from 54% in 1996 to 72% in 2006.[@R25] Across the stroke survivor RTW studies, the mean RTW rate has been 44%.[@R26] These differences in RTW rates among the different studies may be explained by differences in company healthcare systems, participants, study design and methodologies, and an overall RTW rate after stroke cannot be reliably estimated.[@R16] [@R22] [@R24] [@R26]

The median time to partial or full RTW among total participants was approximately 3 months.

The rate of RTW declined over time after the initial day of sickness absence; the RTW rate was highest in the first quarter of the year, followed by the second quarter, a tendency in accordance with previous studies.[@R19] This may be due to the shape of the distribution of sickness absence, which has been reported to be heavily right-skewed.[@R29] [@R30]

Few studies have investigated the predictors of RTW and the differences in cumulative RTW rates among the different stroke subtypes.[@R21] According to Cox regression analysis, the present study showed that patients with cerebral infarction returned to work earlier than patients with cerebral haemorrhage, which was consistent with findings in a previous study.[@R18] Peter *et al* pointed out that patients with cerebral haemorrhage tended to have greater functional impairment than those with cerebral infarction.[@R31]

The present RTW rate of patients with cerebral infarction was approximately the same as in previous studies, which reported that approximately 70% of patients with cerebral infarction had returned to work, though frequently with depressive symptoms.[@R21] In another study, approximately 70% of subarachnoid haemorrhage survivors returned to work, in line with the present results.[@R32] 'Manager' group participants tended to have shorter time to full RTW than 'non-manager'. To our knowledge, there are few stroke survivors' studies investigating the position of 'manager' as a predictor of RTW. Previous studies showed that managers returned to work earlier than other workers in elementary occupations, yet a different study showed that 'manager' was not significantly associated with time to RTW.[@R11] [@R18] In one study, among managers, the RTW rate in those with more work-related stress was shown to be higher.[@R33] It was hypothesised that, among managers, with more important occupational positions comes a stronger intent to RTW, which may explain the higher RTW rate. Job title among stroke survivors was studied by Saeki *et al*,[@R23] who stated that white-collar workers were three times more likely to RTW than those in blue-collar occupations; in this study, there was no significant difference in time to full RTW between desk workers and manual workers. Other factors reported as predictors of RTW are younger age, good functional ability before hospital discharge, and office work.[@R34]

There have been no studies investigating the predictors of resignation among stroke survivors in Japan. Our study showed that participants 50 years and older had a shorter time to resignation than younger participants. It has been shown that older age is associated with a lower probability of RTW.[@R18] [@R35] We hypothesised that the number of years of occupational life remaining after experiencing a stroke may strongly influence the intent to resign. As 'resignation' in this study includes leaving work because of retirement, it is only natural that older age is a predictor of shorter time to resignation. Contrary to our predictions, desk workers had a shorter time to resignation, and we were unable to provide an explanation for this observation.

Decision of partial or full RTW was not based on an objective standard, rather, it was entirely based on the OPs' subjective judgement. In general, RTW for stroke survivors is quite complex, and depends on a variety of medical and non-medical factors.[@R16] In the present study, OPs were assumed to have an understanding of the disease-specific information of each participant for their RTW, and the decision of partial RTW may be associated with findings of a worsened prognosis.

Strengths, limitations and implications {#s4a}
---------------------------------------

One of the strengths of the present study was the enrolment of a large group of participants; approximately 400 Japanese employees who experienced a period of sickness absence due to stroke were included in this, the first large-scale Japanese RTW study of stroke survivors. Additionally, the follow-up rate was quite high (nearly 100%). With this system, there was less participant selection and loss to follow-up biases that may have possibly affected other studies. Furthermore, we used an objective measurement of sickness absence; the present study was based on data from clinically certified sickness absence using physicians' certificates. Utilisation of clinically made ICD-10 diagnoses of the participants' single episode of stroke allowed for higher validity and reliability than categorisation by other diseases, such as psychiatric diseases.

Several limitations should be noted when interpreting the results of the present study. First, the medical information of the participants was not available for use in the present study, such as stage of stroke, or type of treatment. The cumulative RTW rate of stroke survivors can be affected by clinical findings such as severity of stroke, daily living status, mental impairment, etc, although stroke location has been shown to be not associated with RTW after the patient\'s first ischaemic stroke.[@R11] [@R20] [@R36] [@R37] Saeki *et al* reported that the process of RTW is quite variable between individuals, and can be affected by a number of factors.[@R38] However, in the present study, cumulative RTW rates according to stroke subtype were calculated. Second, we could not deny the existence of comorbidities in the participants, due to the registration of only one diagnosis per episode of sickness absence by the OPs. Participants may have had other disorders during the sickness absence, such as depression or ileus after iliac surgery, or other symptoms such as depressive mood, anxiety, or sleep disorders, often found in stroke survivors. Knowledge of comorbidities is necessary due to their influence on time to RTW. Third, no differentiation was made for participants who may have had stroke prior to working at the company in question. Fourth, because the majority of the participants were male, caution should be taken for generalisations across the entire workforce based on the present results. Fifth, the participants did not include employees working in small-sized and medium-sized enterprises, which raises a question about the representativeness of the stroke survivors in the sample. People working for themselves or for smaller employers seem to have less 'protection' in terms of the capacity of the employer or company to make 'reasonable adjustments' to accommodate a RTW.[@R39] Therefore these factors (enterprise size and type of employment) will influence RTW outcome success. Sixth, the initial date of sickness absence may have been different from the date of diagnosis, or the date of the start of the illness.

This type of study may help companies establish and improve their RTW support system for stroke survivors, and improvements in healthcare policies may provide greater support and satisfaction for stroke survivors' and their families.[@R13] Organisational RTW support is very important for facilitating RTW for workers with long-term sickness leave.[@R40] Future studies should investigate, in more detail, predictors of recurrent sickness absence after RTW to mediate drafting of a strategy for RTW support for employees who have had a stroke. Possible factors underlying recurrent sickness absence after RTW may include recurrent stroke, as well as may take into account psychiatric disorders such as depression and anxiety disorders, or fracture, acute myocardial infarction, etc. Research on mental health problems may be important for the improvement of quality of life for stroke survivors.

Conclusion {#s5}
==========

The cumulative full RTW rates at 60, 120, 180 and 365 days were 15.1%, 33.6%, 43.5% and 62.4%, respectively; these rates depended on the subtype of stroke. 'Older age' and 'non-manual worker' were identified as predictors of resignation. Occupational health professionals may be better able to support patients with stroke for RTW with the knowledge that cumulative RTW rates vary by subtype of stroke, referring to the Kaplan-Meier curve presented in this study.
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